Memory is prone to distortions that can have serious consequences in everyday life. Here we integrate emerging evidence that several types of memory distortionsimagination inflation, gist-based and associative memory errors, and post-event misinformation -reflect adaptive cognitive processes that contribute to the efficient functioning of memory, but produce distortions as a consequence of doing so. We consider recent cognitive and neuroimaging studies that link these distortions with adaptive processes, including simulation of future events, semantic and contextual encoding, creativity, and memory updating. We also discuss new evidence concerning factors that can influence the occurrence of memory distortions, such as sleep and retrieval conditions, as well as conceptual issues related to the development of an adaptive perspective.
Memory is prone to distortions that can have serious consequences in everyday life. Here we integrate emerging evidence that several types of memory distortionsimagination inflation, gist-based and associative memory errors, and post-event misinformation -reflect adaptive cognitive processes that contribute to the efficient functioning of memory, but produce distortions as a consequence of doing so. We consider recent cognitive and neuroimaging studies that link these distortions with adaptive processes, including simulation of future events, semantic and contextual encoding, creativity, and memory updating. We also discuss new evidence concerning factors that can influence the occurrence of memory distortions, such as sleep and retrieval conditions, as well as conceptual issues related to the development of an adaptive perspective.
Are memory distortions the reflection of deficient cognitive processing? It is now widely recognized that human memory is not an exact reproduction of past experiences but is instead an imperfect process that is prone to various kinds of errors and distortions. Studies of memory distortion have a long history in both theoretical and applied cognitive psychology [1] [2] [3] . However, they have become even more prominent during the past two decades as a result of increased awareness that memory errors associated with eyewitness misidentification frequently contribute to the conviction of innocent individuals [4, 5] , and evidence that inaccurate or false memories played a major role in the recent controversy concerning the accuracy of recovered memories of childhood sexual abuse [6] . At the same time, researchers in cognitive neuroscience have begun to examine the neural underpinnings of memory distortion and to determine how brain activity can distinguish between true and false memories [7] .
Observations of memory distortion in the laboratory and everyday life raise important questions about the nature and function of memory: why is it that our memories can be badly mistaken? Bernstein and Loftus [8] clearly express a general view shared by the numerous theories that have been proposed to account for memory distortions: 'In essence, all memory is false to some degree. Memory is inherently a reconstructive process, whereby we piece together the past to form a coherent narrative that becomes our autobiography.
In the process of reconstructing the past, we color and shape our life's experiences based on what we know about the world' (p. 373).
Such a characterization raises another key question: is the architecture of memory flawed in some fundamental way allowing false memories to arise? The perception that memory is a flawed and unreliable system is captured by Anderson and Milson's [9] description of the sentiments of artificial intelligence researchers, who were apprehensive about the prospects of using human memory as a model: 'Invariably, the remark is made, ''Well, of course, we would not want our system to have something so unreliable as human memory''' (p.703). The idea that memory distortions reflect deficient or dysfunctional cognitive processing is supported by evidence showing that increased incidence of various memory distortions is associated with low intelligence [10] , frontal lobe damage [11] , temporal lobe pathology [12] , symptoms of post-traumatic stress disorder [13] , and susceptibility to dissociative experiences [14] .
While it is tempting to conclude that memory distortions point to fundamental flaws in the nature or composition of memory, a growing number of researchers have argued that, to the contrary, many memory distortions reflect the operation of adaptive processes -that is, processes that contribute to the efficient functioning of memory, but as a consequence of serving that role, also produce distortions. The origins of this line of thinking are apparent in the classic work of Bartlett [15] , whose theoretical account of the memory distortions he observed during story recall relied heavily on the notion of a 'schema' that serves the adaptive function of organizing and interpreting experience. More recently, adaptive accounts of memory distortion have been advanced from both cognitive and neuroscience perspectives [1, 3, [16] [17] [18] [19] [20] [21] [22] , suggesting that the approach is gaining momentum and that, therefore, the time is ripe to synthesize and integrate newly emerging evidence and ideas.
In the present article, we consider three domains in which memory distortions have been documentedimagination inflation, gist-based and associative memory errors, and post-event misinformation -and attempt to relate the respective memory errors to corresponding adaptive processes that, we believe, can elucidate their nature and provide fruitful avenues for future research. We will consider evidence from both purely cognitive studies of psychological processes that contribute to memory distortions as well as neuroimaging and neuropsychological studies that illuminate their neural correlates and underpinnings.
Imagination inflation
Imagination inflation occurs when imagining a novel event leads people to i) increase their confidence or belief that the event actually occurred in their personal pasts [23] ; ii) claim that they performed an action or perceived an object that they only imagined [24] ; or iii) develop a fullblown false recollection of an experience that did not occur [25] . To attribute such effects specifically to imagination, it is important to control for other forms of exposure to novel information. For example, in a study by Mazzoni and Memon [26] , the strength of subjects' beliefs that events occurred, as well as the number of false memories for those events, increased more when they imagined events than when they simply read about them. These effects were observed for both commonly experienced events (having a tooth extracted by a dentist) and an event involving a medical procedure that is never performed in the United Kingdom, where the study was conducted (having a nurse remove a skin sample from the little finger). Indeed, memories for the 'impossible' skin removal event were four times as likely in the imagination than exposure condition, with about 30% of participants who imagined the skin event developing a false memory for it.
Related work shows that imagining that one has performed an act produces about as many false memories of actually having done it as viewing a doctored video that suggests that one did perform the act [27] . Although some evidence suggests that imagination inflation occurs only for highly plausible events [28] , other studies indicate that it can occur for even relatively implausible events [29, 30] (for discussion, see [31, 32] ).
Memory distortions attributable to imagination inflation fall under the general class of reality monitoring errors, which are thought to occur most frequently when imagined events share perceptual or conceptual features with actual events [33] . Neuroimaging studies have begun to provide evidence regarding the neural underpinnings of imagination inflation that are consistent with such a view. For example, Gonsalves et al. [34] scanned participants using functional Magnetic Resonance Imaging (fMRI) while they viewed printed names of objects and generated an image corresponding to the object; on half the trials a photograph of the object appeared two seconds later, and on the other half, a blank screen appeared two seconds later. The researchers examined this encoding-related activity as a function of whether the participants subsequently showed accurate memory or false memory (i.e., claimed to have seen an object that they only imagined). The researchers found that several regions previously implicated in visual imagery -including the precuneus and inferior parietal cortex -showed increased activity during encoding for items that participants only imagined but later falsely remembered that they saw (for similar results, see [35] ). Kensinger and Schacter [36] scanned participants during the retrieval phase of a reality monitoring task similar to the one used by Gonsalves et al. [34] , and found that activity in regions associated with visual imagery, such as the precuneus and fusiform gyrus, was associated with a tendency to attribute an item to having previously been viewed as a picture, regardless of whether the item had been seen or only imagined.
Recent studies from a related line of research concerned with imagining or simulating possible future events (for reviews, see [37, 38] ) point toward an adaptive account of the foregoing results. Several neuroimaging studies have shown that imagining possible future events and remembering past events recruit the same 'core network' (which corresponds largely to the 'default network' identified in other studies [39] ), which consists of medial prefrontal and medial parietal regions that include retrosplenial cortex and posterior cingulate, medial temporal lobe including hippocampus, and lateral temporal and lateral parietal regions (for review, see [40, 41] ). Although distinct subsystems within this core network have been related to imagining and remembering [42] , the striking overlap helps to elucidate how imagination and memory can be easily confused. Further, Schacter and Addis [21] (see also [43, 44] ) have argued for the constructive episodic simulation hypothesis, which holds that a primary function of episodic memory is to support preparation for the future by extracting and recombining stored information into a simulation of a future event. Such a system is adaptive because it enables stored information to be used flexibly in simulating alternative future scenarios without engaging in actual behavior. However, this flexibility comes with a cost: the system is prone to memory distortions as a result of miscombining elements of imagination and memory (see also [20] ).
Gist-based and associative memory errors
Gist-based memory errors occur when people falsely recall or recognize a novel word, picture or other type of item that is either perceptually or conceptually related to an item that they did encounter previously: people fail to recollect specific details of an experience and instead remember general information or the gist of what happened [1, 45] (see Box 1).
Associative memory errors occur when people falsely recall or recognize a novel item that is an associate of previously studied items [17] . The two types of errors are closely related and have been studied extensively during the past 15 years. Many of these studies have used the so-called 'Deese-Roediger-McDermott (DRM) paradigm' developed initially by Deese [46] , and later modified by Roediger and McDermott [47] , in which participants hear or view lists of related words (e.g., 'candy', 'sour', 'sugar', 'bitter', 'good', 'taste', 'tooth', etc.) that are all associates of a nonpresented 'critical lure' or 'false target' (e.g., 'sweet'). Deese [46] and Roediger and McDermott [47] found that participants often falsely recalled the nonpresented associates. Roediger and McDermott also reported extremely high levels of false recognition (e.g., 80%) of the associated words. Numerous studies have since replicated and extended these findings (for reviews, see [17, 48] ). Other, related paradigms for producing gist-based memory errors include false recognition of nonpresented prototype patterns or shapes that are perceptually similar to previously presented patterns or shapes [49] and false recognition of nonpresented items from previously presented categories [45] .
There is debate about whether associative and gistbased memory errors involve distinct underlying mechanisms (for discussion, see [17, 48] ), but the key point for our purposes is that both have been cited as examples of memory distortions resulting from adaptive cognitive processes: associative processes provide structure and organization that aids memory performance, and gist-based processes support retention of themes and meanings that facilitate generalization and abstraction [1, 3, 17, 47] .
Several lines of evidence support an adaptive view. First, a number of studies have demonstrated reductions in both associative and gist-based false recognition in patients with amnesic syndromes resulting from damage to the medial temporal lobes (for review, see [50] ), thereby suggesting that such errors normally reflect the operation of a healthy memory system. Second, neuroimaging studies have shown that many of the same brain regions that are active during associative and gist-based false recognition are also active during true recognition [49, 51, 52] (for review, see [53] ). Importantly, the extensive overlap in neural regions supporting true and false recognition holds specifically for gist-based false recognition: Garoff-Eaton et al. [54] observed overlap in neural activity when participants made false recognition responses to shapes that were visually similar to those that they had studied, but there was no neural overlap between true and false recognition when participants made false alarms to novel shapes that were not similar to previously studied shapes (presumably reflecting guessing or other response biases).
A third line of evidence supporting an adaptive interpretation of gist-based and associative memory errors comes from neuroimaging studies that have examined their origins during the process of encoding. Several studies have shown that increased activation of left ventrolateral prefrontal cortex during encoding of categorized words [55, 56] and common objects [57] is associated with an increase in subsequent gist-based false recognition of related items. Recruitment of this same prefrontal region is also associated with increased subsequent true recognition, and was linked in earlier work with semantic encoding [58] . Thus, semantic elaboration processes during encoding, which serve the adaptive function of promoting long-term retention, can also contribute to memory distortion (for research on contextual associations and memory distortion with a similar interpretation, see Box 2) .
A fourth line of evidence for an adaptive perspective comes from a recent study [59] in which DRM associate lists were presented to children and adults prior to solving compound remote associate task problems in which participants are presented with three word puzzles (e.g., 'walk/ beauty/over') and try to generate a solution word that is associated to all three target words (e.g., 'sleep'). When participants were primed with DRM lists (e.g., 'bed', 'rest', 'awake', 'tired', 'dream', etc.) for which the solution word on the problem solving task was the critical lure (e.g., 'sleep'), subsequent performance on the problem solving task by both children and adults improved in comparison with problems that were not primed by DRM lists -but only Box 1. The role of retrieval conditions in gist-based false recognition
In addition to supporting the formation of abstractions and generalizations (see main text), gist-based processing potentially reduces memory storage demands by enabling us to form compact event records without retaining numerous details that might not be required later. Event details may fade rapidly from memory or may not have been encoded initially. During retrieval, we rely on a more abstract representation of the event to infer missing details, sometimes leading to memory distortions. Although research on memory distortions has often emphasized the abstract nature of memory representations, there is experimental evidence that a large amount of detail can be retained, especially when pictures are used as studied materials. For instance, Brady et al. [80] had participants study 2,896 pictures for three seconds each and found that participants could make subtle memory-based distinctions on a forced choice recognition memory test with impressive accuracy (e.g., they could distinguish between a bread box with the loaf of bread inside the box or outside the box), suggesting retention of a high degree of detail.
Consistent with the foregoing observations, results of a recent study suggest that gist-based false recognition does not necessarily result from a lack of stored detail [81] . Participants were presented with three pictures and had to select one of the three pictures as a recently studied target or reject all three items as new ( Figure I ). When an item that was similar to a studied item was presented with two items that were unrelated to the studied materials, participants falsely recognized the similar item with high frequency, representing a standard gist-based false recognition effect ( Figure I , single related item). However, when the similar item was presented with the target item, participants overwhelmingly chose the correct target item, clearly indicating that information distinguishing the target and the similar item were still stored in memory ( Figure I, target and related item) .
This outcome could have occurred because the participant's attention was drawn to the details that are relevant to the discrimination. Alternatively, presentation of the originally encoded picture may have increased access to stored information. When two similar items were presented with an unrelated item, eye-tracking data confirmed that participants actively attended to the perceptual details that were relevant to the discrimination. Nonetheless, false alarm rates to related items remained high in this condition, suggesting that attention to relevant perceptual details is not sufficient to reduce gist-based false recognition ( Figure I, two related items) . Rather, reinstatement of the originally encoded item appears to be critical. These findings suggest that gist-based false recognition does not result from a loss of detail in memory per se but rather from a lack of access to stored detail during retrieval. . On each test trial, participants were presented with three pictures and had to select one of the three pictures as a recently studied target or reject all three items as new. Error bars show standard error of the mean (SEM). All three comparisons are significant at p < .001; N = 30. False recognition was dramatically reduced when the previously studied target item was present on the test, as shown in the Target and Related Item condition. This finding suggests that gist-based false recognition does not result from a loss of detail in memory per se, but rather from a lack of access to stored detail during retrieval. For the full pattern of results, including hit rates and baseline false alarm rates across conditions, see [81] . when participants falsely recalled the critical lure. The results support the authors' conclusion that false memories can have beneficial effects on cognitive function under certain conditions (see also, [19] ). In a related vein, Dewhurst et al. [60] recently provided evidence that susceptibility to DRM false recognition is predicted by performance on a remote associates task, which is frequently viewed as a measure of convergent thinking -a component of creativity that taps an individual's ability to generate broad and numerous associations.
Two related items

Post-event misinformation
In the post-event misinformation paradigm, providing erroneous information following the initial encoding of an event increases subsequent endorsement of that information on a later memory test for the original event. Numerous cognitive studies during the past four decades have delineated the conditions under which misinformation effects are observed (for a review see [61] ).
More recently, functional neuroimaging studies of the misinformation paradigm have revealed that many of the same brain regions that support encoding of true memories also support the encoding and incorporation of incorrect information, leading to subsequent false memories [62, 63] . Further, such studies have shown that sensory reactivation effects observed during true and false memory retrieval (i.e., brain activity associated with retrieval of perceptual information) depend upon the modality of the presented information during the original and misinformation phases, respectively [64] . Thus, analogous to the evidence on gist-based and associative memory errors, the encoding origins of false memories in the post-event misinformation paradigm are similar to those contributing to true memories.
In a recent variation on the misinformation paradigm, Edelson et al. [65] examined the influence of social conformity on the formation of transient and persistent memory errors. Participants initially viewed a movie with several other observers and three days later completed an initial memory test individually. Four days after this initial test, during fMRI scanning, participants again answered questions about the movie, either paired with no answers or paired with answers that they were led to believe were given by their co-observers; a subset of those answers were fabricated. There were more errors on questions paired with fabricated answers, indicating that social conformity influenced responding, since participants had answered the questions correctly on the initial test ( Figure 1A) . Further, the conformity effects persisted on a later memory test, despite warnings that the answers provided in the scanning session were randomly generated and thus not to be trusted. The fMRI results revealed that persistent memory errors were associated with greater recruitment of bilateral medial temporal lobe compared with no-answer trials or trials in which participants corrected their answers in the final memory test ( Figure 1B) . Thus, only misinformation leading to persistent false memories resulted in memory updating via additional encoding mechanisms.
These findings fit with an adaptive perspective on misinformation effects. Misinformation errors may reflect the operation of a dynamic memory system that flexibly incorporates relevant new information in order to update memory, consistent with the data reported by Edelson et al. [65] . However, the ability to update memory comes at a cost: in situations where source memory accuracy is stressed, such as eyewitness memory, misinformation errors have negative consequences. This idea also fits well with related work on reactivation and reconsolidation of memories [66] . According to a recent theory [18] , reactivation and subsequent reconsolidation processes are critical preconditions for exerting changes to memory, which sometimes result in memory errors (for further discussion in relation to sleep, see Box 3). Reactivation is an inherent aspect of the misinformation paradigm, because it involves reviewing an altered version of the event or retrieving elements of the original event to answer questions. In a series of studies, Hupbach et al. [67, 68] attempted to isolate the potential contribution of reactivation in producing such memory errors. Participants encoded a set of objects (set 1); then, following a 48-hour delay, they encoded another set of objects (set 2) that were preceded by a reminder
Box 2. Contextual associations and memory distortion
Contextual associations refer to relations among objects that typically occur together in a specific setting. For example, a bed, dresser, alarm clock, and mirror are all typically encountered in the context of a bedroom. Such contextual associations help to organize the environment and provide a basis for predicting what is likely to happen next in a scene [82] , but can also produce memory distortions. For example, when participants tried to recall objects they had encountered in an office they occupied earlier for about 10 minutes, they often falsely recalled objects that are typically encountered in an office but were not present in the office they occupied [83] .
A recent fMRI study provides neural evidence that memory distortions resulting from the influence of contextual associations reflect the operation of adaptive processes [84] . During scanning, subjects encoded a series of object pairs: either two contextually related objects that belong to the same context, such as a bulldozer and a yellow construction cone, or two objects that are typically not associated with a specific context or contextually related to each other, such as a camera and a pair of scissors. Participants were asked to try to mentally put the objects together into a context. The next day, they were given an old/new recognition test that included previously studied objects, unrelated new objects, and, critically, new objects that were contextually related to one of the previously studied context pairs (e.g., a construction helmet). Aminoff et al. hypothesized that increased activity during encoding in cortical regions previously identified as part of a network that supports contextual processing [85] would predict subsequent false recognition of contextuallyrelated objects. The results supported this hypothesis: encoding activity in several cortical areas linked with contextual processing, including retrosplenial cortex, medial prefrontal cortex, and lateral parietal cortex, predicted subsequent false recognition of new items that were contextually related to items presented at encoding.
The false recognition-related activity in retrosplenial cortex was of particular theoretical interest because Bar and Aminoff [85] theorized that this region is critically involved in the processing of 'context frames', which represent generic or prototypical information about a context. As argued by Aminoff et al. [84] , activation of a context frame is thought to be highly adaptive because it facilitates recognition of other objects in the environment by allowing predictions about what is likely to occur in a particular context. But the benefits of this adaptive process are associated with a cost of increased false recognition. 10 (i.e., reactivation) or no-reminder of the initial set of objects. Finally, 48 hours later, participants were asked to recall the initial set of objects. On the final memory test for set 1 objects, there were more intrusions from set 2 in the reminder condition than the no reminder condition. Importantly, the effects were not simply due to source confusions because the intrusions were asymmetrical (i.e., the reminder increased misattribution of set 2 items to set 1 but not vice versa). Hupbach et al. interpreted these results as evidence that reactivation renders a memory susceptible to the incorporation of new information (see [69] for a different perspective). Most critical to the present purposes, such susceptibility can potentially facilitate both adaptive updating [70] and memory distortion [18] .
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Concluding remarks
In this article we have reviewed evidence that supports an adaptive interpretation of three kinds of memory distortions: imagination inflation, gist-based and associative memory errors, and post-event misinformation. However, we do not wish to imply that our list is exhaustive. For example, studies by Ross and Wilson have documented that people frequently remember their pasts in an overly positive or negative manner in order to inflate their current self-evaluation, which can have beneficial consequences for well-being [71] (see also [20, 72, 73] ). Several studies have reported that negative events and information are more prone to memory distortion than positive events and information, leading Porter et al. [74] 
Sleep consolidates and reconsolidates labile memories into stable representations [86] , but researchers have only recently begun to examine whether it also influences memory distortions. False memories persist and sometimes even increase over time compared to true memories [87] , suggesting the possibility that off-line processes, such as sleep, can promote memory distortions. However, the influence of sleep on false memories is inconsistent. On the one hand, sleep-dependent increases in false memories have been observed [88] [89] [90] . For example, Payne et al. [90] investigated the role of sleep on false recall in the DRM paradigm. They found that sleep increased false recall of critical lure words to a greater extent than studied words, compared to wakefulness. Taken together with related evidence that sleep promotes gist rather than specific details in veridical memory [91] , these results suggest the kind of adaptive interpretation that we considered in the main text: sleep preferentially benefits gist-based and associative processes that contribute to false memories. On the other hand, however, other observations suggest that sleep has minimal effects [92] or may even reduce false recognition [93] in the DRM paradigm. The conflicting findings could be attributable to differences in test format and individual differences in performance [89] , or to poorly understood effects of sleep on specific processes that contribute to false memories.
Sleep-dependent effects on false memories would fit within an adaptive framework in which sleep allows the integration of new memories with old in order to generalize from past experiences and to optimize memory for future relevance [94] . Indeed, Lewis and Durrant [95] have recently proposed a detailed model of how sleep facilitates the development of schemata that promote both cognitive abstraction and false memory formation. Nonetheless, the conflicting data reviewed here suggest that more research is needed to determine the exact influence, if any, of sleep on memory distortion. More generally, this research could benefit from the insight that sleep has two main effects on memory [96, 97] . First, sleep stabilizes and enhances memory, a process that occurs via hippocampal replay of memories during slow wave sleep [98] . Second, sleep integrates new information with existing memory, a process linked to both non-rapid and rapid eye movement sleep [99, 100] . The first effect could enhance specific or detailed true memories, whereas the second effect might promote gistbased false memories, such that the overall effects of sleep on memory accuracy and distortion would depend on the relation between the two. . There were few errors on the initial memory test. However, on test 2 there were more errors on trials paired with fabricated answers by co-observers (manipulation, red bars) compared to trials paired with no-answers (no-manipulation, black bars), reflecting the influence of social conformity on responding. The conformity effects persisted on the final memory test, despite warnings in de-briefing that the answers provided on test 2 were randomly generated and untrustworthy. it is adaptive to incorporate information from others about negative events in order to enhance the ability to deal with those events if they occur again in the future. However, the basis for this hypothesis can be questioned because other studies have revealed conditions in which positive events are more prone to distortion than negative events (e.g, [75, 76] ).
It is important to consider exactly what we mean when we say that a memory distortion is 'adaptive'. For example, in advancing an adaptive perspective on the 'seven sins' of memory, Schacter [3] noted that psychologists use the concept in different ways. On the one hand, an adaptation has a highly specific, technical meaning in evolutionary theory that draws on Darwinian concepts of natural selection and heritable variation: an adaptation is a feature of an organism that results from the operation of natural selection. On the other hand, the term can be used in a much looser sense to refer to a beneficial feature of an organism, regardless of whether it arose as a result of natural selection. In evolutionary theory, for example, the terms 'exaptation' and 'spandrel' are used to refer to beneficial features of an organism that arose as a byproduct or consequence of other features, rather than as a direct result of natural selection [77] .
McKay and Dennett [72] provided a thoughtful discussion of related issues in an analysis of the evolution of mistaken beliefs, distinguishing between mistaken beliefs that result from a breakdown of normal function (for example, psychotic delusions) and those that reflect the operation of a normally functioning cognitive system. Within the latter type of misbelief, they further distinguished between mistaken beliefs that are the byproducts of limitations in the cognitive system versus those that are 'design features' -that is, adaptations in the strict evolutionary sense. After considering a variety of 'normal' misbeliefs, they concluded that only positive illusionsunrealistically positive or overoptimistic views of oneself [78, 79] -met their criteria for misbeliefs that are adaptations in the strict evolutionary sense. While it is clear that the memory distortions discussed in this article reflect the operation of a normal memory system, as distinct from confabulations and related false memory phenomena that result from brain damage [11] , the available data do not allow us to make strong distinctions among the differing senses of 'adaptive' distinguished above.
Nonetheless, we believe that claims for an adaptive perspective on memory distortion do not require arguments for adaptations in the strict evolutionary sense noted above. They are useful theoretically if they can help to focus attention on the nature and consequences of such adaptive processes as imagining the future, gist encoding and retrieval, or memory updating. It is only during the past few years that we have begun to see the emergence of research that is pursuing in earnest the adaptive aspects of memory distortions. We think that several of the recent ideas and findings reviewed heresuch as the need for a flexible memory system to support future simulation [20, 21, 43] , the link between creativity and associative false memories [59, 60] , and the observation that misinformation leading to persistent false memories is related to memory updating [18, 65] -are novel and have potentially broad implications (Box 4). One key implication is to encourage greater theoretical attention to delineating the functions that memory serves and how those functions shape cognitive and neural mechanisms [16, 18, [20] [21] [22] 71] . Further investigation of how and why adaptive processes can produce memory distortions constitutes an exciting yet still relatively unexplored avenue of research for both cognitive psychology and cognitive neuroscience.
Box 4. Questions for future research
What kinds of adaptive cognitive processes in addition to those reviewed in this article result in memory distortion? Evidence reviewed in the main text indicates that individual differences in associative false recognition are associated with individual differences in a measure of creativity. Are there other individual differences measures that tap adaptive cognitive processes that are correlated with associative false recognition or other kinds of memory distortions? Can neuroimaging studies illuminate the neural basis of such correlations? Can we develop rigorous criteria for distinguishing between memory distortions that represent adaptations in the strong evolutionary sense, as opposed to byproducts of an otherwise adaptive cognitive processes? At least one type of gist-based memory error reflects lack of access to stored details at the time of retrieval (Box 1). However, it is unknown whether this characterization applies to other memory distortions. Further study of the contributions of encoding, storage, and retrieval factors to memory distortions is necessary.
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